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We have simultaneously measured [3H]methyltriphenylphosphonium+ and “Rb+ distribution across the 
mitochondrial nd plasma membranes of pig mesenteric lymphocytes. At low concentrations the K+ iono- 
phore valinomycin depolarizes the mitochondria but does not increase Rb+ fluxes across the plasma mem- 
brane. At high concentrations of valinomycin the plasma membrane becomes permeable to Rb+ and both 
TPMP+ and Rb+ distribution give a measure of the K+ diffusion potential. 
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1. INTRODUCTION 
Valinomycin is a cyclic peptide antibiotic which 
catalyses K+ transport across membranes [l]. It 
has been widely used to analyse the contribution of 
K+, K’ gradients, or membrane potentials to 
various phenomena in artificial systems, in isolated 
organelles uch as mitochondria, and in intact cells 
and tissues [2]. In lymphocytes valinomycin at low 
concentrations inhibits mitogenic stimulation and 
capping [3-51, perhaps by a secondary effect via 
ATP levels [6]. However, an alternative view has 
been expressed [7] that mitogenesis by concana- 
valin A is inhibited in human lymphocytes by 
lo-’ M valinomycin under conditions in which al- 
though ATP levels drop, there is no increase in 
plasma membrane K+ flux. It was concluded that 
the effect of valinomycin on lymphocytes is not 
caused by its activity as a K+ ionophore [7]. Here, 
we show that valinomycin at low concentrations 
selectively depolarizes the mitochondrial mem- 
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brane in pig mesenteric lymphocytes without in- 
creasing Rb+ fluxes across the plasma membrane. 
This effect is sufficient to explain the observations 
in [7] and might be a more general effect in other 
cells as well. 
Uptake of the lipophilic cation TPMP+ has been 
used to estimate the mitochondrial potential in situ 
in hepatocytes [8], synaptosomes [9], fat cells [lo] 
and lymphocytes [l 11, (unpublished). TPMP+ and 
other lipophilic cations have also been used to 
measure the plasma membrane potential in lym- 
phocytes [ 1 l-151, although in some cases in- 
appropriate conditions or corrections for mito- 
chondrial uptake have been applied (see [ 111). Here 
we follow TPMP+ distribution under conditions in 
which it has contributions from both potentials. 
2. MATERIALS AND METHODS 
2.1. Chemicals 
86RbC1, [3H]inulin and 3H20 were from The 
Radiochemical Centre (Amersham, Bucks), [3H]- 
TPMP bromide from New England Nuclear 
Chemicals (Dreieich), RPM1 1640 culture medium 
from Flow Lab. (Irvine) and valinomycin was from 
Sigma (London) Chemical Co. (Kingston upon 
Thames, Surrey). All other reagents were of analy- 
tical grade. 
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2.2. Preparation of pig mesenteric lymphocytes 
Lymphocytes were prepared from the mesentery 
of a freshly slaughtered pig as in [l 11. 
2.3. Determination of 86Rb’ and [3HJTPMP+ 
accumulation by pig lymphocytes 
Cells were preincubated for 30 min at 37°C in 
standard medium (RPM1 1640 + 10 mM Hepes, 
pH 7.4) at 2-6 x 10’ cells/ml. 
At the start of each experiment cells were mixed 
with an equal volume of medium with appropriate 
additions. Final concentrations of these were: 
3 PM tetraphenylboron, 0.1 &i [3H]TPMP+/ml 
(50 nM) and 0.02 &i 86RbCl/ml. Other additions 
are as described in the figure legends. [3H]TPMP+ 
and “Rb+ uptake were assayed at relevant times 
as in [ll]. Extra- and intracellular volumes of 
pelleted cells were measured in parallel experiments 
using [3H]inulin and 3H20 as in [l I]. 
3. RESULTS AND DISCUSSION 
Fig. 1 shows the effect of valinomycin on 
TPMP+ accumulation by pig lymphocytes. The 
TPMP+ is at equilibrium with the plasma mem- 
brane and mitochondrial membrane potentials in 
this experiment [111. In the absence of valinomycin 
the accumulation is high, reflecting a high mito- 
chondrial membrane potential. Valinomycin at 
0.01 PM partially depolarizes the mitochondria, 
resulting in a decrease in TPMP+ accumulation by 
the cells. At 0.1 PM (used in [7]) valinomycin 
causes further depolarization of the mitochondria. 
Valinomycin depolarizes mitochondria by setting 
their potential to the K+ diffusion potential be- 
tween the cytosol and the mitochondrial matrix. 
Since [K+] in both compartments is -140 mM the 
K+ diffusion potential is zero. 
Fig. 2 shows a time course of “Rb+ uptake by 
pig lymphocytes. In the absence of valinomycin 
Rb+ does not equilibrate with the K+ gradient 
within 45 min. In the presence of 0.1 PM valino- 
mycin the rate of Rb+ influx is not increased. It is 
in fact slightly decreased. We consistently measure 
a decrease in Rb+ accumulation ratios in cells 
treated with uncoupler (unpublished) and presume 
that both the valinomycin and the uncoupler ef- 
fects are caused by the decrease in ATP levels 
under these conditions. A similar decrease in K+ 
exchange and ATP levels was reported in [7] in the 
presence of low concentrations of valinomycin. 
Since both in the absence and in the presence of 
low concentrations of valinomycin Rb+ does not 
reach equilibrium with the K+ gradient within the 
Fig. 1. Effect of [valinomycin] on the accumulation of
TPMP+ and Rb+ by pig mesenteric lymphocytes. 
[3H]TPMP+ and 86Rb+ accumulation ratios were 
measured at 45 min as in section 2. Valinomycin was 
added immediately after the cells. [3H]TPMP+ accumu- 
lation ratios were corrected for binding as in [l 11. The 
data shown are from two separate experiments: 
(0) [3H]TPMP+ accumulation ratio; (0) “Rb+ 
accumulation ratio. 
time (mln) 
Fig. 2. Effect of 0.1 pM valinomycin on Rb+ uptake into 
pig lymphocytes. The “Rb+ accumulation ratio was 
measured as in section 2. Valinomycin (0.1 ,uM) was 
added immediately after the cells where indicated. 
Results are from one representative experiment. 
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time of the experiment (fig. 2) we can take the Rb+ 
accumulation ratio under these conditions to be a 
function of the K+ permeability of the plasma 
membrane. At high valinomycin concentrations 
the Rb+ does equilibrate and the Rb+ accumula- 
tion ratio measures the K+ gradient across the 
plasma membrane [II]. Fig. 1 confirms that low 
[valinomycin] does not increase Rb+ fluxes across 
the lymphocyte plasma membrane. Fig. 1 also 
shows that at >O.l PM valinomycin, Rb+ perme- 
ability increases until by 25 PM valinomycin the 
Rb+ is able to equilibrate with the K+ gradient 
across the membrane within the time of the experi- 
ment. The K+ in these cells is present at -136 mM, 
17-fold higher than the culture medium [l 11. The 
increased K+ conductance of the plasma mem- 
brane causes it to hyperpolarize from a resting 
value of -56 mV [ 111 to the K+ diffusion potential 
of 76 mV. Above 25 PM valinomycin both Rb+ 
and TPMP+ come to equilibrium with this poten- 
tial. 
From these results we can conclude that in pig 
mesenteric lymphocytes valinomycin is able to de- 
polarize the mitochondrial potential at concentra- 
tions which do not increase Rb+ fluxes across the 
plasma membrane. Depolarization of mitochon- 
dria by low concentrations of valinomycin in situ 
in cells with concomitant depletion of cellular ATP 
has been observed in several systems [6,8,9,16] but 
not under conditions which would show whether 
plasma membrane K+ fluxes are affected. Our con- 
clusion is sufficient to explain the observation [7] 
that low concentrations of valinomycin decrease 
cellular ATP and prevent mitogenesis in Iympho- 
cytes without increasing plasma membrane K+ 
fluxes. Thus it is unnecessary to invoke a non- 
ionophoric explanation of the action of valino- 
mycin. 
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